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THE  PREVENTION  OF  TUBERCULOSIS 


L    THE  CAUSE  OF  TUBERCULOSIS 

Tuberculosis  is  an  infectious  disease,  caused 
by  a  minute  particle  of  living  matter  that 
grows  or  multiplies  in  or  on  the  tissues  of  the 
body.  This  invasion  of  the  body  tissues  leads 
to  more  or  less  readily  visible  changes  in  body 
structure  which  the  physician  designates  as 
pathology.  These  alterations  in  turn  are  asso- 
ciated with  disturbances  of  function  in  the  in- 
jured parts,  and  abnormal  sensations  and  ac- 
tions that  we  call  symptoms  of  disease,  are  the 
result. 

1.    THE  GERM  OF  TUBERCULOSIS 

The  minute  particle  of  living  matter  which 
causes  tuberculosis  is  a  germ  with  certain  char- 
acteristics that  distinguish  it  from  other  mi- 
croscopic forms  of  life.  Its  discovery  ranks  as 
one  of  the  great  achievements  in  the  annals  of 
medical  science,  and  the  history  of  the  identifi- 
cation of  this  particular  g€rm  with  its  particu- 
lar disease  furnishes  a  classic  example  of  the 
rigid  logic  which  the  true  man  of  science  de- 
mands for  the  proof  of  cause  and  effect.  This 
germ  can  be  found  in  all  lesions  of  "active" 
or  progressive  tuberculosis.  Conversely  with 
the  germ  in  hand  one  can  invariably  cause  typi- 
cal tuberculosis  in  animals  suitable  for  the 
experiment. 
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2.    THE  HISTORY  OF  ITS  DISCOVERY 

The  discovery  of  the  tubercle  bacillus,  or 
germ  causing  tuberculosis,  was  made  in  1882  by 
a  German  doctor  named  Robert  Koch.  But  the 
infectious  nature  of  the  disease  was  demon- 
strated seventeen  years  previously  by  a  French 
veterinarian,  Jean  Antoine  Villemin.  Many 
brilliant  men  had  preceded  Villemin  in  the 
search  for  the  cause  of  consumption,  but  they 
had  failed  to  come  to  the  truth  of  the  matter, 
for  the  simple  reason  that  they  had  merely 
observed,  and  not  done  what  Villemin  did: 
experiment.  This  investigator  cut  out  the  little 
cheesy  nodules  so  characteristic  in  the  lungs 
of  people  dying  from  consumption  and  inserted 
them  under  the  skin  of  normal,  healthy  rabbits. 
Some  weeks  later  he  killed  these  rabbits  and 
found  that  similar  nodules  had  developed  in 
the  rabbits'  own  tissues.  And  he  was  careful 
to  practice  what  is  commonly  called  scientific 
control,  by  injecting  parts  of  the  changed  tis- 
sues from  men  dead  of  other  diseases,  such  as 
cancer  and  pneumonia.  The  introduction  of 
such  material  did  not  lead  to  tuberculosis  in 
his  rabbits,  while  the  injection  of  bits  of  tissue 
from  tuberculous  lungs  and  of  the  coughed-up 
phlegm  from  consumptive  patients  did  produce 
changes  in  the  animals  he  used.  Pathologists 
and  doctors  agreed  that  these  were  characteris- 
tic  of  tuberculosis. 

Villemin's  work  was  not  immediately  ac- 
cepted by  the  medical  world.  This  was  not  be- 
cause of  any  defect  in  the  experiments  on  which 
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he  based  his  conclusion  that  the  disease  was 
communicable,  but  merely  because  the  idea  was 
so  contrary  to  prevalent  conviction  that  medical 
men  did  not  wish  to  believe  it.  There  was  a 
deeply  rooted  opinion,  by  no  means  entirely 
eradicated  today,  that  consumption  was  purely 
a  degenerative  process  occurring  in  persons  as? 
a  result  of  an  unfortunate  familial  tendency. 
Other  diseases,  as  was  then  thought,  migBi  turn 
into  consumption  if  the  patient  with  th£  dis- 
ease was  unlucky  enough  to  come  from  a  family 
disposed  to  tuberculosis.  Villemin's  work  ffi4i-- 
cated  that  probably  anybody  could  develop  tu- 
berculosis if  the  poison  from  a  person  with  the- 
disease  could  reach  his  body  and  develop  there.- 
In  a  day  when  consumption  was  the  most 
dreaded  of  all  diseases  this  brought  up  such 
horrifying  possibilities  that  French  medical 
men  before  whom  Villemin  presented  his  work 
chose  to  disbelieve  without  examining  the 
evidence. 

But  a  truth  so  apparent  as  Villemin's  con- 
clusion proved  to  be,  could  not  long  be  held 
down.  It  was  not  many  years  before  abundant 
confirmation  of  his  findings  came  in  through 
the  labors  of  many  noted  investigators  of  the 
time.  By  1880  all  thinkers  on  the  subject  were 
convinced  that  tuberculosis  was  an  infectious 
or  germ  disease,  and  that  sooner  or  later  some- 
one would  find  the  germ  which  caused  it, 

And  in  1882  a  country  physician  in  Germany, 
an  ex-army  surgeon,  with  an  intense  urge  for 
scientific  investigation,  discovered  it,  and  at 
the  same  time  learned  nearly  all  the  facts  about 
it  with  which  we  are  familiar  today,    This,  was 
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Robert  Koch,  whose  name  has  become  famous 
as  one  of  the  great  founders  of  the  science  of 
bacteriology.  The  paper  in  which  he  announced 
the  discovery  of  the  cause  of  tuberculosis  was 
a  notable  one  by  virtue  not  only  of  its  matter 
concerning  the  tubercle  bacillus  itself,  but  also 
for  its  pronouncement  of  those  criteria  by  which 
and  by  which  alone  a  germ  might  be  recognized 
as  the  cause  of  a  given  disease.  These  criteria 
are  known  today  as  "Koch's  laws." 

KOCH'S  LAWS 

According  to  these  laws,  before  anyone  has 
a  right  to  consider  a  germ  the  cause  of  any 
particular  disease  he  must  (1)  find  the  germ 
in  the  pathologic  lesions  characteristic  of  the 
disease;  (2)  grow  that  germ  outside  the  animal 
body  separate  from  all  other  germs,  in  a  spe- 
cially prepared  nutritive  medium;  (3)  repro- 
duce the  disease  in  some  animal,  such  as  a 
rabbit,  monkey  or  guinea  pig,  by  injection  of 
some  of  these  germs  thus  grown  outside  the 
body,  and  finally  (4)  find  the  germ  again  in 
the  characteristic  lesions  of  the  disease  thus 
artificially  produced.  Koch  did  all  of  this 
for  the  tubercle  bacillus  in  establishing  his 
claim  that  it  was  the  cause  of  tuberculosis. 
And  his  proof  was  so  clear,  so  apparent  to  all 
who  would  look  to  see,  that  there  never  was 
doubt  of  his  correctness. 

3.    THE  NATURE  OF  THE  GERM 

The  bacillus  of  tuberculosis  is  a  tiny,  rod-like 
speck  of  life,  averaging  about  a  ten  thousandth 
of  an  inch  in  length.     Like  most  other  germs 
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it  is  readily  visible  with  high  power  micro- 
scopes. It  is  best  seen  when  stained  with  certain 
dyes.  It  is  a  member  of  a  relatively  small 
group  of  bacteria  characterized  by  a  peculiar 
tenacity  in  staining  power.  Once  stained  these 
bacteria  are  freed  from  the  stain  only  with  dif- 
ficulty. Even  strong  acids  do  not  effect  de- 
staining,  and  because  of  this  fact  these  micro- 
organisms are  designated  "acid-fast."  This 
property  of  acid-fastness  is  in  some  way  related 
to  a  peculiar  chemical  property  of  the  micro- 
organisms of  this  group,  viz.,  a  high  content  in 
fatty  or  waxy  substance. 

There  appear  to  be  three  varieties  of  tubercle 
bacillus.  One  of  these  causes  human  tubercu- 
losis; another  is  responsible  for  tuberculosis 
in  cattle,  pigs  and  other  domestic  animals;  and 
the  third  is  the  cause  of  the  tuberculosis  which 
occasionally  occurs  in  chickens  and  other  fowl. 
These  types  are  closely  related,  and  the  first 
two  are  difficult  to  distinguish.  The  distinc- 
tion is  usually  made  on  the  basis  of  their  ca- 
pacity to  infect  certain  of  the  animals  ordi- 
narily used  in  laboratory  experiments.  The 
guinea  pig  can  be  infected  with  small  doses 
of  either  one,  whether  the  original  infectious 
material  direct  from  the  disease  is  used,  or 
some  of  the  germs  growing  in  glass  tubes  on 
special  artificial  preparations;  and  the  disease 
rapidly  progresses  to  a  fatal  issue.  The  rabbit, 
however,  is  relatively  resistant  to  the  germ 
derived  from  human  sources,  while  quite  sus- 
ceptible to  that  of  bovine  origin. 

Although  it  is  not  difficult  to  grow  the  bacil- 
lus of  tuberculosis  in  an  incubator  in  tubes  or 
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bottles  containing  suitable  food  material,  it  is 
highly  improbable  that  under  natural  condi- 
tions any  growth  takes  place  outside  of  some 
animal  body.  This  is  an  important  matter,  for 
as  we  shall  see  later,  the  infection  of  any  person 
thus  depends  for  its  occurrence  on  the  trans- 
mission of  infectious  material  from  a  sufferer 
with  the  disease,  and  not  from  the  masses  of 
decaying  vegetable  material  scattered  about  the 
world,  which  do  indeed  furnish  sustenance  to 
other  kinds  of  bacteria.  The  tubercle  bacillus 
does  not  live  and  multiply  on  such  substance. 
Nevertheless  it  may  be  deposited  any  place  out- 
side the  animal  body,  disseminated  at  random 
through  the  carelessness  of  people  with  the 
disease,  and  without  growing  or  multiplying, 
retain  its  capacity  for  causing  disease  for  a 
long  period  of  time.  A  well  known  character- 
istic of  the  bacillus  is  its  ability  to  live  in  the 
face  of  agencies  easily  effecting  the  destruction 
of  many  other  bacteria.  It  readily  stands  pro- 
tracted cold;  drying  has  little  effect  on  it;  rela- 
tively large  concentrations  of  chemicals  are 
required  to  destroy  it;  it  is  fairly  resistant  to 
heat.  Fortunately,  however,  strong  sunlight 
rather  quickly  renders  it  innocuous. 
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II.    INFECTION  AND  DISEASE 

Now  it  might  be  thought  at  once  that  if  in- 
fection with  the  tubercle  bacillus  invariably 
precedes  the  development  of  the  disease  tuber- 
culosis, the  simplest,  most  logical  way  to  pre- 
vent the  development  of  the  disease  would  be  to 
prevent  altogether  the  opportunity  for  infec- 
tion. No  doubt  hope  beat  high  in  the  breasts  of 
hygienists  and  sanitarians  in  the  '80s  and  '90s 
following  the  discovery  of  the  bacillus,  on  the 
basis  of  this  very  thought.  Keep  the  well  peo- 
ple away  from  the  consumptives  and  the  disease 
might  be  expected  to  die  out.  Perhaps  few 
were  quite  as  sanguine  as  this,  but  fewer  still, 
on  the  other  hand,  were  prepared  for  a  revela- 
tion made  about  1900. 

1.    THE  WIDE  EXTENT  OF  TUBERCLE 
BACILLUS  INFECTION 

It  should  be  borne  in  mind  that  tuberculosis 
was  generally  considered  an  almost  invariably 
fatal  disease.  Any  patient,  in  whom  the  com- 
mon signs  of  the  disease  were  apparent,  seemed 
to  go  right  on  downhill  in  spite  of  all  that 
could  be  done  for  him.  Yet  medical  men  who 
made  a  practice  of  examining  dead  bodies  for 
the  purpose  of  determining  the  cause  of  death, 
or  learning  how  a  known  cause  led  to  fatality, 
noted  time  and  again  lesions  unquestionably 
tuberculous  which  had  healed.    Finally  one  of 
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them  was  sufficiently  impressed  to  make  a  de- 
tailed study  of  a  large  number  of  bodies  with 
the  object  of  determining  just  how  commonly 
this  condition  of  healed  tuberculosis  existed. 
This  investigator,  Naegeli  by  name,  of  Zurich, 
Switzerland,  published  a  paper  in  1900  in  which 
he  reported  observations  on  the  prevalence  of 
tuberculous  lesions  in  people  dying  of  other 
diseases  than  consumption,  which  were  truly 
startling.  Out  of  500  bodies  of  men,  women  and 
children  dead  of  all  kinds  of  diseases,  more 
than  70  per  cent  showed  some  signs  of  tuber- 
culosis. When  the  cases  were  grouped  accord- 
ing to  age,  a  still  more  significant  fact  de- 
veloped. Only  about  25  per  cent  of  the  chil- 
dren had  signs  of  tubercle  bacillus  infection, 
but  the  incidence  of  infection  steadily  increased 
with  advancing  age,  nearly  100  per  cent  of  the 
bodies  of  men  and  women  of  late  adult  years 
showing  evidence  of  infection  of  some  degree. 

Naegeli's  findings  were  soon  confirmed  by 
other  pathologists,  and  are  accepted  without 
question  today.  The  conclusion  is  inevitable. 
In  cities,  where  such  statistics  as  Naegeli's 
have  been  collected,  the  opportunity  for  infec- 
tion is  widespread,  and  with  advancing  years 
few  or  none  escape. 

But  does  this  mean  that  so  large  a  propor- 
tion of  the  population  is  actually  diseased  with 
tuberculosis?  A  closer  examination  of  such 
post  mortem  findings  as  those  of  Naegeli  shows 
that  it  does  not.  The  great  majority  of  the 
lesions  the  pathologist  finds  indicating  tubercle 
bacillus  infection  in  persons  dead  of  some  other 
disease  than  tuberculosis,  are  very  tiny  indeed. 
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They  are  for  the  most  part  little  scars,  and  it 
often  takes  the  microscope  to  determine  that 
those  regions  were  once  truly  tuberculous.  They 
are  found  generally  in  the  lungs  or  in  the 
glands  under  the  breast  bone  which  receive 
lymph  from  the  lungs.  These  lesions  are  fre- 
quently so  small  that  it  seems  quite  evident 
that  the  individual  carrying  one  of  them  could 
not  be  in  any  sense  sick  as  a  result  of  it. 
Slightly  larger  ones  might  give  the  impression 
of  a  short  period  of  illness  followed  by  perfect 
recovery. 

A  brief  description  of  the  forms  which  tuber- 
culosis takes  and  the  changes  which  it  causes 
in  our  tissues  will  be  given  in  the  next  chapter, 
and  the  distinction  elaborated  there  between 
these  mild,  healed  infections  and  those  exten- 
sive changes  which  constitute  the  disease.  For 
the  moment  let  us  recognize  that  the  mild  in- 
fections leading  to  nothing  more  serious  than  a 
minute  scar  are  exceedingly  common,  and  most 
of  us  go  through  life  in  complete  ignorance  of 
the  time  and  place  of  these  infections.  How 
they  are  acquired  will  be  treated  in  some  de- 
tail in  another  chapter. 

2.    THE  TUBERCULIN  TEST  AND  ITS  RESULTS 

Since  Naegeli's  time  another  method  of  de- 
termining the  incidence  of  infection,  which  can 
be  applied  to  the  living  has  been  developed. 
This  consists  in  the  injection  of  a  water  extract 
or  suspension  of  products  derived  from  the 
tubercle  bacillus,  into  the  skin  of  the  person 
being   examined.     A   person    once    infected   by 
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the  tubercle  bacillus  develops  some  degree  of 
power  of  "reacting''  to  these  products,  not 
possessed  by  the  individual  never  infedted. 
The  material  injected,  which  is  put  up  in 
several  forms  according  to  the  preference  of 
men  engaged  in  making  the  test,  is  called 
"tuberculin. "  In  the  doses  used  it  has  no  effect 
on  the  skin  of  the  non-infected  person.  But  the 
infected  child  or  adult,  even  if  the  infection 
has  practically  healed,  "reacts"  to  the  material 
with  a  little  zone  of  inflammation  at  the  site 
of  the  injection. 

By  means  of  this  "tuberculin  test"  applied  to 
large  groups  of  human  beings  of  all  ages,  much 
insight  has  been  gained  as  to  the  time  of  life 
at  which  infection  occurs.  In  the  first  place 
the  test  is  invariably  negative  in  the  newborn, 
child.  In  rural  communities  and  in  general  in 
children  who  do  not  have  the  extensive  contact 
of  the  crowded  centers  of  population,  it  is  likely 
to  remain  negative  for  some  years.  But  in  the 
congested  parts  of  our  cities  where  intimate  and 
extensive  social  contact  begins  in  the  earliest 
years,  with  corresponding  opportunity  for  oc- 
casional infection,  the  tuberculin  test  shortly 
becomes  positive.  Wherever  infection  tests  of 
this  sort  have  been  carried  out  on  a  large  scale 
in  crowded  communities,  it  has  been  found  that 
a  fairly  rapid  increase  in  the  proportion  of  chil- 
dren infected  occurs  in  the  first  few  years  of 
life.  Few  are  found  infected  in  the  first  year. 
At  two  about  10  per  cent  react.  At  four  25 
per  cent,  on  the  average,  give  this  evidence  of 
infection,  and  at  six,  50  per  cent  or  over.  Be- 
tween six  and  sixteen  in  such  communities  the 
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majority  of  the   rest   become   infected,   accord- 
ing to  the  results  of  most  observers. 

3.    THE  DIFFERENCE  BETWEEN  INFECTION 
AND  DISEASE 

But  let  it  be  emphasized  again  that  the 
majority  of  these  children  acquire  these  in- 
fections and  recover  from  the  slight  lesions 
which  they  produce,  without  giving  evidence  of 
illness  during  the  process.  Years  later,  should 
their  bodies  be  examined,  anatomic  evidence  of 
the  one  time  occurrence  of  infection  could  very 
likely  be  found.  Note  that  I  say  the  majority. 
A  certain  unfortunate  minority  take  on  an  in- 
fection with  which  they  are  not  able  to  cope 
successfully.  It  is  these  who  develop  the  dis- 
ease tuberculosis,  and  it  is  with  the  circum- 
stances of  the  infection  of  this  group  that  we 
shall  be  chiefly  concerned  in  this  book,  for 
upon  our  understanding  of  them  will  rest  much 
of  our  effort  at  prevention  of  the  disease. 

Enough  has  been  said  to  indicate  that  there 
is  a  difference  between  mere  tubercle  bacillus 
infection  and  the  disease  tuberculosis.  The 
two  are  by  no  means  synonymous.  The  one, 
infection,  is  extremely  common,  in  some  com-' 
munities  almost  universal.  The  other,  tuber- 
culous disease,  occurs  in  a  fraction  of  the  in- 
fected. Obviously  this  fact  must  modify  our 
effort  at  the  prevention  of  the  disease.  It  is 
not  necessarily,  as  we  see,  a  matter  of  prevent- 
ing infection.  This  indeed  might  accomplish 
our  purpose  were  it  possible.  Perhaps  some- 
time it  will  be  feasible.  It  would  mean  recog- 
nition  of  all   cases   with   active   disease,   from 
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which  infectious  material  could  escape,  and  per- 
fect isolation  of  all  diseased  patients  from  all 
who  are  well.  This,  however,  is  a  Utopia  not 
to  be  realized  in  the  present  or  immediate 
future.  Furthermore  there  is  even  the  pos- 
sibility that  such  a  course  might  be  disastrous 
in  the  loss  of  immunity  which  would  probably 
follow,  for  as  will  be  brought  out  in  a  later 
chapter,  these  minimal  infections  are  not  of 
negligible  effect,  but  confer  a  protection  an- 
alogous to  that  following  vaccination. 

However,  whatever  be  the  merits  and  de- 
merits of  this  uncontrolled  system  of  tuber- 
culosis vaccination,  the  actual  system  we  have 
to  deal  with  is  one  of  extensive  tuberculization. 
Under  our  present  admittedly  imperfect  sani- 
tary and  hygienic  organization,  it  may  well  be 
practical  wisdom  to  accept  this  fact  for  better 
or  worse  and  concentrate  our  efforts  on  the 
reduction  of  tuberculosis  sickness  and  death 
to  the  easier  half  of  the  problem,  viz,  on  those 
factors  which  permit  the  progression  of  tubercle 
infection  into  tuberculous  disease.  The  con- 
ditions favoring  such  untoward  transformation 
are  sufficiently  well  known  to  furnish  us  with 
a  number  of  definite  points  of  attack  on  the 
tuberculosis  problem.  These  will  be  considered 
in  later  chapters, 
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III.    THE  MANNER  IN  WHICH  INFECTIONS 
ARE  ACQUIRED 

It  was  pointed  out  above  that  outside  of  the 
artificial  conditions  in  experimental  labora- 
tories the  tubercle  bacillus  lives  and  multiplies 
only  within  some  human  or  animal  body. 
Hence  the  development  of  new  infections  de- 
pends on  the  transfer  of  infectious  material 
from  one  living  individual  to  another.  We 
come  now  to  a  consideration  of  the  nature  of 
this  infectious  material  and  the  manner  in 
which  the  individual  takes  it  in. 

1.    SPUTUM  THE  MOST  IMPORTANT  SOURCE 
OF  INFECTION 

By  far  the  most  important  source  of  con- 
tagion in  tuberculosis  is  the  phlegm  or  sputum 
from  the  lungs  of  sufferers  from  the  disease. 
This  sticky  substance  hawked  up  and  expec- 
torated by  the  careless  consumptive,  or 
coughed  out  at  random  in  a  fine  spray  by  the 
ignorant,  may  contain  but  few  bacilli  in  the 
milder  cases  or  myriads  in  the  more  advanced 
ones.  Every  laboratory  worker  who  examines 
sputum  knows  the  extreme  variance  which 
different  samples  of  sputum  may  show  in  this 
respect.  He  soon  learns  from  experience  how 
to  select  a  suspicious  looking  particle  from 
the  large,  slimy,  often  offensive  mass  sent  to 
him  for  examination.  But  even  with  such  par- 
ticles he  frequently  must  search  long  and  care- 
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fully  through  many  "microscopic  fields"  of  his 
stained  preparation  of  the  sputum  before  he 
finds  any  tubercle  bacilli.  Commonly  enough, 
on  the  other  hand,  he  has  but  to  bring  his 
preparation  into  focus  under  the  microscope 
and  tubercle  bacilli,  easily  recognized  by  the 
"acid-fast"  staining  characteristic  mentioned 
in  Chapter  I,  at  once  meet  his  eye.  Usually, 
although  not  always,  if  the  case  is  truly  one  of 
tuberculosis  of  the  lungs,  he  is  able  to  find 
tubercle  bacilli  sooner  or  later. 

Now  when  we  realize  that  nearly  10  per 
cent  of  all  deaths  are  due  to  tuberculosis  and 
that  the  great  majority  of  these  occur  in  cases 
of  tuberculosis  of  the  lungs,  that  is  the  class 
of  cases  from  which  infective  sputum  comes, 
we  realize  how  potent  a  source  of  contagion 
sputum  may  be.  About  100,000  persons  a  year 
die  from  tuberculosis  in  the  United  States. 
For  every  one  who  dies  each  year,  as  careful 
investigation  has  shown,  there  are  at  least  two 
more  patients  who  have  the  disease  in  an  active 
form,  but  do  not  die  of  it,  that  year  at  any 
rate.  In  addition  to  these  there  are  many  peo- 
ple who  have  the  disease  in  a  milder  form,  and 
indeed  at  times  expectorate  infectious  sputum, 
but  after  a  time  recover  more  or  less  per- 
fectly. 

Altogether  it  is  safe  to  say  that  at  any  one 
time  there  are  more  than  a  quarter  of  a  million 
people  in  our  country  who  could  transmit  the 
infection  to  others  if  they  are  not  careful.  A 
considerable  number  of  these  are  educated,  in- 
telligent persons,  who  take  care  not  to  spread 
infection.    And  a  very  large  number  are  under 
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such  close  observation  and  care  that  they  have 
not  the  opportunity  to  spread  their  infectious 
sputum.  On  the  other  hand,  the  larger  num- 
ber, probably,  are  less  well  controlled,  through 
ignorance  or  neglect  fail  to  appreciate  their 
true  condition,  roam  at  will  as  their  strength 
permits,  and  sow  the  seeds  of  tuberculosis  in 
their  paths. 

2.    THE  MANNER  IN  WHICH  SPUTUM 
INFECTION  OCCURS 

We  may  now  consider  the  manner  in  which 
this  infection  is  transmitted.  A  great  deal  of 
effort  has  been  devoted  to  this  problem,  which 
has  quite  distinctly  proved  that  there  is  no 
single  route  by  which  an  individual  takes  this 
Infectious  material  into  his  body.  In  the  early 
days  of  study  on  this  subject  each  investigator 
had  his  favorite  theory,  which  he  proved  to 
his  own  satisfaction.  But  as  each  proved  the 
correctness  of  his  own  ideas,  it  is  quite  certain 
that  to  some  degree  all  were  right.  There 
are  several  ways  in  which  the  bacillus  may 
get  inside  us. 

The  chief  discussion  has  centered  upon  the 
proolem,  do  we  inhale  the  infective  substance 
as  we  breathe,  or  do  we  ingest  it  as  we  swal- 
low? At  first  from  the  wide  prevalence  of 
tuberculosis  of  the  lungs,  or  common  consump- 
tion, it  was  naturally  supposed  that  we  inhaled 
it.  However  a  little  thought  on  the  part  of 
one  who  knows  the  rudiments  of  anatomy  and 
the  circulation  of  the  blood  soon  shows  that 
foreign  particles  can  readily  accumulate  in  the 
lungs  by  another  route.     The  lymph  from  the 
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alimentary  tract,  full  of  material  from  the  in- 
testines, after  a  more  or  less  interrupted 
course,  empties  into  the  blood  stream,  and 
along  with  the  venous  blood  or  blood  returning 
from  the  tissues  laden  with  waste  material, 
is  promptly  pumped  through  the  lungs  by  the 
heart.  All  the  blood  of  the  body  follows  this 
path.  We  have  a  closed,  continuous  circula- 
tion. All  the  blood  of  the  body  must  go 
through  the  lungs,  and  the  intermixed  lymph 
along  with  it.  Hence  the  lungs  act  as  a  sort 
of  filter  for  the  blood.  So  if  tubercle  bacilli 
enter  the  blood  by  way  of  the  lymph  stream 
or  any  other  source,  they  are  liable  to  be 
picked  out  and  stopped  within  the  lung.  It 
will  be  shown  in  the  next  chapter  that  it  must 
be  a  common  thing  to  swallow  substance  con- 
taminated by  human  sputum. 

Now  it  has  been  shown  quite  clearly  by  the 
devoted  advocates  of  the  two  schools,  that  in- 
fection of  the  lungs  may  occur  by  either  proc- 
ess. It  might  be  well  indeed  to  know  which 
is  the  commoner,  but  it  may  never  be  possible 
to  learn.  In  fact  a  little  thought  shows  that 
the  two  processes  cannot  be  sharply  sepa- 
rated. Much  of  the  dust  and  many  of  the 
fine  droplets  that  we  inhale  are  as  a  matter 
of  fact  ultimately  swallowed.  They  stick  to 
the  moist  lining  of  the  nose  or  back  of  the 
mouth  and  are  sucked  clown  by  our  frequent 
unconscious  swallows.  Or  if  they  pass  these 
points  they  impinge  on  the  sticky  lining  of 
the  windpipe,  and  are  slowly  swept  back  to 
the  mouth  by  the  active  microscopic  hairs,  or 
cilia,  that  line  this  structure. 
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This  matter  of  moist  droplets  and  dry  dust 
has  been  very  seriously  studied  by  the  cham- 
pions of  the  inhalation  theory,  a  problem  with- 
in a  problem.  Just  as  the  inhalationists  argued 
with  the  ingestionists,  as  to  which  mode  of 
infection  was  commoner*,  the  inhalationists 
disputed  among  themselves  the  respective 
roles  of  sputum  dried  and  disseminated  in  the 
dust,  and  moist  droplets  coughed  out  by  the 
patient  and  floating  around  him  in  a  fine 
spray.  Each  group  was  successful  in  proving 
that  infection  could  and  did  occur  by  the 
method  it  supported,  and  I  think  we  may  ac- 
cept the  results  of  both.  Sputum  does  dry  on 
the  streets,  does  become  ground  under  wheels 
and  feet,  and  is  tracked  into  houses,  and  does 
become  scattered  by  winds  and  lesser  currents 
of  air.  Such  dust,  as  experiments  on  guinea 
pigs  have  shown,  may  well  remain  infectious. 
Secondly,  coughing  patients  do  indeed  dis- 
charge minute  droplets  of  sputum  containing 
tubercle  bacilli  into  the  air  around  them,  and 
these  may  remain  floating  for  hours.  Again 
experiment  on  animals  has  shown  that  such 
droplets   are    capable   of   setting   up   infection. 

On  the  whole  it  would  perhaps  be  well  to 
accept  the  results  of  all  these  various  schools 
on  sputum  infection,  and  agree  among  our- 
selves that  infection  of  the  body  can  occur 
by  the  ingestion  of  material  contaminated  with 
human  sputum,  and  by  the  inhalation  of  in- 
fected sputum,  whether* this  be  in  the  form  of 
fine,  dry  dust  or  fine,  moist  spray. 

But  is  sputum  the  only  source  of  contagion 
from  man  to  man?     It  was  stated  above  that 
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it  was  by  all  odds  the  commonest.  And  as  a 
matter  of  fact  it  is  almost  the  only  means. 
To  be  sure  consumptives  swallow  sputum  and 
the  bacilli  contained  in  this  sputum  pass  out 
with  the  dejecta  in  a  more  or  less  viable  form* 
Fortunately,  however,  our  sanitary  provision 
for  the  disposal  of  human  excretions  is  suf- 
ficiently good  so  that  only  a  negligible  amount 
of  contagion  can  occur  in  this  way. 

There  is  indeed  another  way  in  which  one 
human  being  may  acquire  infection  from  an- 
other, and  that  is  by  careless  handling  of  his 
dead  body.  Doctors  and  students  of  pathology 
and  anatomy  sometimes  infect  their  fingers 
handling  the  organs  of  people  dying  from 
tuberculosis.     But  this  is  very  rare. 

3.    MILK  AS  A  SOURCE  OF  INFECTION 

There  is,  however,  one  source  for  human, 
infection  which,  while  less  important  than 
sputum,  is  far  from  negligible.  This  is  the; 
milk  of  infected  cows.  It  is  perhaps  not 
generally  appreciated  that  a  considerable  num> 
ber  of  the  world's  cattle  are  affected  with 
tuberculosis.  In  our  country  probably  15  per 
cent  are  infected.  And  bacilli  of  the  bovine 
type  of  tubercle  bacillus  (see  Chapter  I), 
which  is  unquestionably  infectious  for  man, 
may  get  into  the  milk  in  one  of  two  ways.  The 
cow  may  actually  have  tuberculous  disease  of 
the  udder,  from  which  bacilli  may  be  shed  di- 
rectly into  the  milk,  or,  and  probably  more 
commonly,  she  may  contaminate  her  udder 
with  her  droppings.  If  a  cow  has  tuberculosis 
of  the  lungs,  like  man  she  has  sputum  which 
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she  may  swallow,  and,  as  in  the  case  of  man, 
the  bacilli  of  this  sputum  may  pass  the  entire 
digestive  system  alive,  be  ejected  and  drop  on 
the  udder.  Milking  without  cleaning  the  udder 
thus  may  wash  bacilli  into  the  milk  pail,  and 
mixing  the  contents  of  numbers  of  pails  may 
scatter  bacilli  uniformly  through  a  large  bulk 
of  milk. 

In  the  next  chapter  we  shall  consider  in 
somewhat  more  detail  the  opportunity  for  in- 
fection by  these  various  means,  and  the  effect 
of  the  repeated  small  infections  which  un- 
doubtedly occur  in  a  considerable  proportion 
of  our  population. 
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IV.    THE  OPPORTUNITY  FOR  INFECTION  AND 

THE  EFFECT  OF  REPEATED  xMILD 

INFECTION 


We  have  seen  in  the  last  chapter  that  sputum 
is  the  greatest  source  of  human  contagion,  and 
that  at  any  one  time  a  very  large  number  of 
people,  more  than  a  quarter  of  a  million,  in  this 
country  at  present  writing,  are  in  a  position  to 
spread  the  infection  by  sputum,  if  they  are  not 
prevented  by  their  own  intelligence  or  the  su- 
pervision of  others.  Complete  preventing  of 
the  dissemination  of  sputum  is  a  present  utter 
impossibility.  There  are  too  many  recognized 
and  unrecognized  consumptives  to  control,  too 
many  who  are  not  sufficiently  well  informed  to 
recognize  the  source  of  contagion  within  them- 
selves, and  unfortunately  too  many  not  thought- 
ful and  considerate  enough  to  inconvenience 
themselves  for  the  sake  of  others.  Their  infec- 
tious lung  excretions  are  widely,  if  scantily, 
scattered  in  our  communities,  and  it  is  the 
unsavory  but  indubitable  fact  that  in  the  early 
years  of  life,  not  to  mention  thereafter,  most  of 
us  not  once  but  several  times  inhale  or  swallow 
the  sputum  of  consumptives,  as  well,  presum- 
ably, as  that  of  nonconsumptives;  and  to  this 
it  must  be  added  that  not  a  few  of  us  take  into 
our  stomachs  cow  dung  suspended  in  milk. 
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1.     THE  PREVALENCE  OF  THE  SPITTING 
HABIT 

Spitting  on  the  ground  is  an  extremely  com- 
mon habit,  and  not  confined  to  either  the  sick 
or  the  well.  Probably  few  are  perfect  in  their 
restraint  of  this  almost  natural  tendency.  The 
truly  perfect  carry  handkerchiefs  in  which  they 
deposit  their  sputum  if  they  have  an  apprecia- 
ble amount,  or  carry  more  efficient  receptacles 
if  they  are  tuberculous  and  have  considerable 
sputum.  And  the  tidy  person  commits  his 
handkerchiefs  to  the  laundry  frequently  enough 
so  that  the  nasal  and  mouth  and  perhaps  lung 
secretions  thereon  do  not  dry  and  became  scat- 
tered in  the  air  or  on  the  ground.  Others  less 
careful  carry  handkerchiefs  too,  perhaps,  but 
to  save  time  expectorate  into  the  streets,  where 
the  sputum  may  be  dried  and  ground  to  dust,  or 
contaminate  objects  with  which  children  play. 
Others  still  less  considerate  expectorate  freely, 
even  as  a  pastime  in  which  they  have  acquired 
more  or  less  proficiency,  punctuating  their  con- 
versation with  shots  of  notoriously  poor  aim  at 
the  nearest  spittoon,  or  quite  openly  and  frank- 
ly depositing  the  undesired  secretion  on  the 
sidewalk,  the  floors  of  public  halls,  lobbies  and 
conveyances,  every  place  in  fact  except  on  their 
own  carpets  and  their  own  cherished  posses- 
sions. 

2.     SPUTUM   CONTAMINATION    OF   THE    AIR 
AND  OBJECTS  HANDLED 

If  the  expectorator  is  a  consumptive,  the  tu- 
bercle bacillus  is  loose.    The  sputum  may  by 
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good  fortune  be  dried  and  rendered  harmless 
by  sunlight  before  it  has  a  chance  to  infect 
another.  On  the  other  hand,  it  may  be  dried 
and  not  sterilized  by  sunlight  and  be  blown 
away  to  be  breathed  in  by  someone  else  or 
deposited  on  some  article  which  he  puts  into 
his  mouth.  Or  it  may  not  be  dried  at  all.  It 
may  remain  a  smeary  mass  on  the  walk  or 
pavement  until  some  unseeing  individual  plas- 
ters it  on  his  shoes  and  carries  it  into  his 
house  where  he  unconsciously  gradually  wipes 
it  off  on  his  carpets,  very  close  to  which  his 
children  are  wont  to  play.  Or  it  may  reach 
the  child  more  directly.  The  rolling  baseball 
-or  the  wheel  of  his  "scooter"  or  toy  cart  may 
pick  up  some  of  it;  the  child  handles  the  ball 
or  wheel,  and  sooner  or  later  invariably  puts 
his  fingers  in  his  mouth.  This  is  no  fancy. 
Admittedly  in  the  majority  of  their  rollings 
baseballs  and  wheels  do  not  pass  through  a 
mass  of  sputum,  still  less  often  through  the 
sputum  of  consumptives;  yet  many  baseballs 
roll  and  each  one  rolls  many  times,  wheels 
make  many  trips,  children  play  with  all  sorts 
of  sticks  and  stones  and  countless  times,  and 
are  forever  putting  their  fingers  in  their  mouths 
in  the  midst  of  all  sorts  of  operations.  They 
creep  along  the  dusty  floors  with  their  little 
mouths  and  noses  close  to  the  carpet.  The 
wonder  is  not  that  such  a  large  percentage  be- 
come infected  (see  page  16),  but  that  some 
really  do  escape. 

The  above  are  the  opportunities  open  to 
everybody.  Those  in  immediate  contact  with 
coughing  consumptives  have  a  special  chance. 
The  droplets  which  the  consumptive  who  does 
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not  cover  his  mouth,  coughs  into  the  air  can 
be  breathed  in  by  another,  as  we  have  seen, 
and  are  capable  of  causing  infection,  whether 
the  drops  be  inhaled  to  the  innermost  recesses 
of  the  lungs  or  caught  on  the  surface  of  the 
mouth  and  windpipe  and  ultimately  swallowed. 

3.    MILK  INFECTION 

And,  we  may  repeat,  tubercle  bacilli  of  a 
slightly  different  but  still  infectious  type  may 
be  taken  in  with  the  milk  of  tuberculous  cattle, 
when  this  has  been  improperly  collected  and 
not  treated  for  the  destruction  of  these  bacilli 
by  pasteurization  or  boiling.  Cattle  tuberculosis 
is  sufficiently  common  and  in  some  communi- 
ties milk  preparation  and  inspection  are  suffi- 
ciently haphazard,  so  that  infection  of  this 
variety  cannot  be  rare. 

4.    SMALL  DOSES  AND  LARGE  DOSES  OF 
INFECTIVE  MATERIAL 

And  now  we  come  to  the  point,  how  large  in 
general  are  the  doses  of  tubercle  bacilli  taken 
in  by  people  as  a  result  of  this  widespread  dis- 
tribution of  infectious  material,  and  what  ef- 
fects do  they  produce?  As  we  have  already 
seen,  they  do  not  always  set  up  what  can  fairly 
be  called  disease.  Not  all  people  by  any  means 
become  consumptive.  Yet,  as  we  have  also 
seen,  a  very  high  percentage  do  become  infect- 
ed. In  general  it  may  be  said  that  the  body 
forces  for  resistance  against  the  tubercle  bacil- 
lus, which  will  be  discussed  in  Chapter  VII, 
are  able  to  hold  well  in  check  the  progress  of 
small   doses  of  tubercle  bacilli.     It  is.  as  w* 
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shall  see  later,  when  the  dose  is  too  large,  or 
reaches  an  individual  when  the  vitality  is  low, 
that  infection  does  not  stop  at  mere  infection, 
but  develops  into  progressive  disease.  It  is  by 
the  prevention  of  infections  of  this  sort,  and  byt 
the  avoidance  of  as  much  as  possible  of  those 
strains  which  in  later  life  tend  to  break  down 
the  barriers  already  built  up  against  an  existent 
infection,  that  we  can  under  present  conditions 
most  practically  carry  on  a  campaign  against 
tuberculosis. 

5.     THE  IMMUNIZING  EFFECT  OF  SMALL 
DOSES 

Indeed,  paradoxical  as  it  may  seem,  under 
the  existent  conditions  of  such  widespread  op- 
portunity for  infection,  the  mild  infections 
themselves  operate  for  our  protection.  With 
circumstances  as  they  are  the  body  has  learned 
to  adapt  itself.  Every  infection  leads  to  some 
recognizable  change,  perhaps  only  transient  if 
the  infecting  dose  is  small,  in  the  tissues  of  the 
human  body.  This  tissue  change,  which  the 
pathologist  calls  "formation  of  a  tubercle,"  is 
regularly  accompanied  by  a  changed  reactivity 
on  the  part  of  the  tissues  throughout  the  rest 
of  the  body  to  the  same  agent.  The  next  time 
a  tubercle  bacillus  lodges  on  this  "sensitized 
soil"  the  blood  flows  to  the  part  a  little  faster, 
and  the  cells  of  the  body  which  are  concerned 
in  defense  against  bacteria  group  themselves 
a  little  more  quickly  to  wall  off  the  invader. 
As  such  little  lesions  heal  the  protective  influ- 
ence gradually  wanes.  With  sufficient  time  it 
would  doubtless  become  greatly  reduced. 
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But,  as  we  have  seen  above,  from  the  first 
years  of  life  on  we  are  frequently  exposed  to 
infection  by  the  tubercle  bacillus.  Fortunately 
In  the  majority  of  exposures  the  infecting  dose 
is  small,  a  few  bacilli  blown  about  by  the  wind 
perhaps,  or  a  few  bacilli  contaminating  the 
hands  from  a  dirty  piece  of  money,  or  a  few 
in  a  glass  of  none  too  clean  milk.  The  light 
infections  conferred  by  these  means  act  very 
much  as  the  smallpox-like  infection  which  we 
deliberately  acquire  on  the  arm  acts  against 
smallpox.  We  consciously  vaccinate  ourselves 
against  this  disease,  and  from  time  to  time  we 
unconsciously  "vaccinate"  ourselves  against 
tuberculosis.  In  other  words,  we  have  what  is 
commonly  called  some  immunity  to  the  disease. 
This  immunity  is  gradually  strengthened 
through  the  childhood  period,  as  a  result  of 
repeated  slight  infection.  Hence  the  adult  is 
better  able  to  withstand  a  moderate  dose  of 
tubercle  bacilli  than  is  the  young  child.  The 
first  essential  in  our  efforts  toward  warding 
off  tuberculosis  is  protection  of  children  in 
those  early  years  before  this  immunity  is  de- 
veloped. 
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V.    THE  BODY  CHANGES  IN  TUBERCULOSIS 

Before  proceeding  to  a  consideration  of  the 
conditions  favoring  the  development  of  mere 
infection  into  frank  illness  it  is  well  to  stop 
for  a  moment  and  see  what  those  anatomic 
changes  in  the  tissues  are,  which  are  associ 
ated  with  the  symptoms  which  characterize  the 
disease. 

1.     THE  ANATOMIC  UNIT  OF  THE  DISEASE 
OR  "TUBERCLE" 

The  anatomic  unit  of  the  disease,  called  the 
"tubercle,"  is  a  minute  lesion,  consisting  of  a 
central  spot  in  which  the  tissue  is  dead,  sur- 
rounded by  a  wall  of  proliferating  body  cells. 
Somewhere  within  this  mass  are  the  tubercle 
bacilli  which  have  led  to  its  formation.  The 
amount  of  central  dead  tissue  varies  greatly 
with  many  factors.  It  may  be  very  extensive, 
making  up  most  of  the  tubercle,  or  it  may  be 
insignificant  compared  with  the  surrounding 
zone  of  heaped  up  cells.  This  heaping  up  of 
cells  with  a  more  or  less  efficient  walling  off 
of  the  invaders  is  an  invariable  sequel  to  the 
entrance  of  tubercle  bacilli  within  our  tissues. 
If  the  first  walling  off  is  ineffectual  and  the 
bacilli  are  themselves  in  a  condition  to  multi- 
ply, some  get  beyond  the  first  barrier,  in  all 
probability  carried  out  by  some  of  the  wander- 
ing cells  themselves,  and  stimulate  the  forma- 
tion of  a  new,  similar  tubercle  close  by.   Neigh- 
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boring  tubercles  may  coalesce,  the  mass  soon 
becoming  a  large  tubercle,  easily  big  enough  to 
see  with  the  naked  eye.  As  they  become  larger 
the  central  dead  zone  becomes  proportionately 
much  greater,  and  takes  on  a  soft,  cheesy  ap- 
pearance and  consistency. 

Such  nodules  may  reach  a  half  inch  or  even 
more  in  diameter.  Even  at  this  stage  the  de- 
fensive mechanism  of  the  body  may  improve 
and  check  all  further  spread  of  the  process.  In 
such  event  firm  connective  tissue,  that  strong 
material  which  binds  our  body  tissues  together, 
gradually  makes  a  wall  around  the  cheesy  mass, 
finally  forming  a  tight  capsule.  As  the  proc- 
ess goes  on  the  cheesy  substance  dries  up  to 
some  extent,  gradually  shrinks,  and  slowly  be- 
comes impregnated  with  lime  salts,  which  dif- 
fuse in  through  the  capsule  from  the  blood. 
Finally  only  a  hard,  chalky  mass  is  left*  tightly 
enclosed  in  a  leather-like  case  of  connective 
tissue. 

2.     THE  TUBERCLE  AS  SOLE  EVIDENCE  OF 
INFECTION 

If  the  process  is  limited  to  one  or  two  such 
nodules,  and  these  reach  no  great  size,  and 
finally  become  encapsulated  and  encrusted  with 
lime  salts,  as  described,  the  individual  in  whom 
all  this  is  going  on  may  be  quite  unaware  of 
the  whole  matter.  Such  a  person  could  not  be 
said  to  have  tuberculosis.  Yet  it  could  easily 
be  determined  that  he  had  been  infected.  He 
would  respond  to  the  tuberculin  test  mentioned 
in  a  previous  chapter,  and  if  he  died  from  any 
cause  the   encapsulated,   lime   impregnated   le- 
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sion    could    be    found    on    examination    of    his 
body. 

Furthermore,  unless  a  long  time  had  elapsed 
between  the  growth  with  final  encapsulation 
of  the  tubercle  and  his  death,  tubercle  bacilli 
could  still  be  found  alive  in  this  lesion.  This  is 
an  important  point,  for  it  suggests  that  insuffi- 
cient encapsulation  may  in  the  course  of  some 
unusual  strain,  such  as  acute  inflammation  of 
the  surrounding  parts,  permit  the  escape  of 
these  bacilli  to  hitherto  healthy  tissue.  We 
have  every  reason  to  believe  that  this  actually 
does  occur,  and  many  of  the  cases  of  tubercu- 
which  develop  in  adult  life,  following  pneu- 
monia for  exainple\  may  well  have  this  explana- 
tion. 

Such  nodular,  cheesy  tubercules,  healed  or  in 
various  stages  approaching  healing,  are  very 
commonly  found.  The  usual  sites  are  the  up- 
per parts  of  the  lungs  or  }in  the  lymph  glands 
which  surround  the  windpipe  and  its  two  large 
branches  under  the  breast  bone.  These  glands 
receive  the  lymph  drainage  from  the  lungs. 
Less  commonly  such  nodules  are  found  in  the 
lymph  glands  of  the  abdominal  cavity,  which 
receive  the  lymph  drainage  from  the  intestine, 
and  not  rarely  they  are  found  in  the  glands  of 
the  neck,  which  receive  lymph  from  the  inside 
of  the  mouth.  They  may  be  the  only  visible 
evidence  that  the  individual  carrying  them  has 
met  the  tubercle  bacillus.  Yet  as  pointed 
out  (p.  31)  they  are  known  to  confer  protec- 
tion against  fresh  infections  of  moderate  size, 
re  sometimes  looked  upon  by  pathol-  - 
vaccination  scars." 
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3.     THE   DEVELOPMENT   OF   THE    DISEASE 

TUBERCULOSIS  FROM  SIMPLE 

TUBERCLES 

But  one  of  these  nodules,  instead  of  healing, 
in  a  less  resistant  individual  may  spread.  If 
this  nodule  is  in  the  lung  sooner  or  later  it  en- 
croaches upon  one  of  the  smaller  bronchial 
tubes,  breaks  through  and  discharges  its  con- 
tents, leaving  a  cavity.  Now  for  the  first  time 
tubercle  bacilli  can  be  found  in  the  sputum. 
Those  that  get  out  do  that  individual  no  fur- 
ther harm,  but  not  all  get  otu.  Some  are  aspi- 
rated back  into  some  of  the  neighboring  small 
bronchial  tubes  and  more  nodular  tuberculosis 
develops,  in  the  walls  and  again  breaks  through, 
or  ulcerates.  The  patient  now  has  tuberculosis. 
He  is  not  merely  infected.  The  process  is  not 
stationary  but  progressive.  He  is  diseased.  He 
coughs  to  get  rid  of  the  excretion  accumulating 
in  his  lungs;  he  absorbs  poisonous  products 
from  his  cheesy  focus.  This  gives  him  a  fever 
and  robs  his  strength.  He  loses  weight,  and 
we  say  he  has  consumption. 

4.    TUBERCULOUS  PNEUMONIA  OR  -GALLOP- 
ING CONSUMPTION" 

He  may  indeed  have  a  very  acute  type  of 
consumption.  When  he  aspirates  back  further 
into  his  lungs  the  highly  infective  material  dis- 
charged from  one  of  his  own  cavities,  such  an 
acute  reaction  may  occur  that  the  portion  of 
the  lung  involved  in  the  fresh  infection  may 
practically  solidify  with  exudate.  Large  por- 
tions of  this  exudate-filled  lung  may  then  break 
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down  and  die.  Such  a  patient  has  tuberculous 
pneumonia,  called  often  "galloping  consump- 
tion," and  is  a  far  sicker  person  than  the  first 
we  described.  In  the  United  States  this  type 
is  prone  to  develop  in  young  children  and  in 
colored  people  of  all  ages. 

5.  GENERALIZED  OR  "MILIARY"  TUBER- 

CULOSIS 

Again,  one  of  these  cheesy  nodules  increas- 
ing in  size  as  the  bacilli  causing  it  fail  to  be 
checked,  may  encroach  upon  a  bloodvessel,  a 
vein  usually.  The  wall  of  the  vessel  may  final- 
ly become  so  thin  that  the  pressure  within  the 
vessel  may  break  through  and  the  onflowing 
blood  wash  cheesy  matter  and  bacilli  along 
in  its  current.  The  bacilli  under  these  condi- 
tions will  not  circulate  indefinitely.  Sooner  or 
later  they  will  be  stopped  in  some  of  the  capil- 
laries through  which  the  blood  courses,  and 
there  if  still  viable  will  set  up  new  tubercles  of 
the  type  described  at  the  beginning  of  this 
chapter,  which  gradually  enlarge.  Such  a  state 
of  affairs,  when  it  is  widespread,  is  called 
miliary  tuberculosis,  the  term  referring  to  the 
millet-seed  size  of  the  tubercles.  It  is  an  ex- 
tremely serious  condition,  recovery  from  the 
widespread  form  almost  never  taking  place. 
Fatality  is  practically  certain  if  the  meninges, 
or  membranes  enveloping  the  brain,  are  in- 
volved. 

6.  TUBERCULOSIS  IN  THE  VISCERA  AND 

BONES 

Not  rarely,  however,  a  dissemination  of  to- 
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bercle  bacilli  through  the  blood  stream  which 
is  not  so  generalized  takes  place.  In  this  way 
tuberculosis  of  the  kidneys,  the  liver,  the  adren- 
al glands,  the  spleen,  the  bones  and  other 
organs  may  occur.  Much  of  the  bone  deformity 
that  occurs  in  childhood,  such  as  the  angular 
spine  or  hunchback,  and  the  twisted  hip  with 
shortened  thigh,  is  the  result  of  this  distribu- 
tion of  infective  material  by  the  blood  stream. 
It  appears  that  a  considerable  proportion,  from 
10  to  25  per  cent  perhaps,  of  the  bone  tubercu- 
losis of  childhood  is  caused  by  the  tubercle 
bacillus  of  bovine  origin. 

7.  TUBERCULOSIS  OF  THE  LYMPH  SYSTEM 

Not  only  may  the  disease  spread  through  the 
blood  but  it  is  very  likely  to  spread  through 
the  lymph  stream,  involving  one  after  another 
of  the  lymph  glands  along  the  way.  This  too 
is  a  common  type  in  children.  The  situation 
where  it  is  seen  most  conspicuously  is  in  the 
chain  of  lymph  glands  between  the  posterior 
angles  of  the  jaw  and  the  chest,  on  the  side 
of  the  neck.  Quite  similar  lymphatic  spread 
occurs  in  the  glands  at  the  root  of  the  lung 
around  the  windpipe.  Some  of  these  glands  are 
quite  intimately  attached  to  the  upper  part  of 
the  pericardium,  or  membrane  enveloping  the 
heart,  and  when  these  become  badly  involved 
tuberculous   pericarditis   may   develop. 

8.  TUBERCULOSIS  OF  OTHER  ORGANS 

Numerous  other  types  and  locations  of  tu- 
oerculosis  might  be  mentioned.  Very  frequently 
tuberculosis  spreads  from  the  lung  to  its  lining 
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membrane,  the  pleura.  Tuberculous  pleuritis 
develops,  and  as  a  part  of  the  process  a  large 
amount  of  fluid  may  pour  out  into  the  chest 
cavity,  compressing  the  lung,  which  normally 
occupies  the  space.  Or  again,  and  quite  com- 
monly in  late  or  terminal  stages,  tubercle  bacil- 
li of  the  sputum  swallowed  in  large  numbers 
may  set  up  extensive  ulcers  in  the  bowels. 

Enough  has  been  said  to  indicate  the  extent 
to  which  tuberculosis  may  go.  These  are  the 
anatomic  manifestations  of  disease,  and  the 
symptoms  that  go  with  them  are  severe.  It 
should  not  be  hard  to  see  how  different  this 
is  from  the  encapsulated  tubercle  described  at 
the  opening  of  the  chapter,  which  is  the  evi- 
dence of  mere  infection,  and  is  associated  with 
no  symptoms. 
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VI.     THE  MANNER  IN  WHICH  DISEASE 
DEVELOPS  FROM  INFECTION 

With  the  distinction  clearly  in  mind  between 
those  milder  stationary  or  regressive  lesions 
which  constitute  mere  infection,  and  that  more 
extensive,  progressive  process  which  is  actual 
disease,  we  can  pass  on  to  those  factors  which 
cause  the  development  of  the  one  into  the  other. 
As  repeatedly  indicated  in  the  preceding  pages, 
through  the  control  of  these  factors  we  can 
hope  to  accomplish  more  than  through  the  con- 
trol of  infection,  which  is  at  present  almost  if 
not  quite  impossible. 

1.    INFECTION  IN  INFANCY 

These  factors  may  very  conveniently  be  dis- 
cussed under  four  headings.  First  there  is  the 
matter  of  infection  too  early  in  life.  As  pointed 
out  above,  newborn  children  are  found  to  be 
uninfected.  It  is  indeed  true  that  a  few  cases 
have  been  described  in  which  infants  were  born 
infected,  infected  within  the  womb,  in  the 
course  of  an  extremely  extensive  tuberculosis 
of  the  mother.  But  these  cases  are  so  rare  as 
to  warrant  consideration  only  as  curiosities. 
Children  in  general  are  born  uninfected,  and 
the  great  majority  remain  uninfected  through- 
out the  first  two  years,  and  in  this  healthy 
condition  reach  a  time  when  they  are  better 
able  to  stand  their  first  infection.  They  escape 
infection  by  virtue  of  the  fact  that  in  the  first 
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year  or  two  they  are  rather  closely  guarded- 
Their  contacts  with  other  people  are  few.  They 
are  not  out  on  the  streets  or  in  other  public 
places.  They  are  not  yet  able  to  pick  up  and 
play  with  objects  which  have  been  contaminated 
with  the  sputum  of  consumptives.  When  they 
creep  some  precaution  at  least  is  usually  taken 
to  see  that  they  creep  in  a  reasonably  clean 
place. 

But  not  all  young  children  are  so  fortunate. 
Some  are  born  into  families  where  open,  active 
tuberculosis,  the  real  disease,  is  already  pres- 
ent. They  are  exposed  to  the  cough  of  the  pa- 
tient, to  contact  with  objects  contaminated  by 
his  sputum,  such  as  his  knife  or  fork  or  spoon, 
or  to  direct  contact,  if  kissed  by  the  patient. 
Under  such  conditions  infants  are  likely  to 
acquire  an  infection  while  very  young.  In  a 
very  young  infant,  getting  what  is  likely  to  be 
large  infection  at  such  close  quarters,  this  in- 
fection is  extremely  likely  to  progress  on  into 
active,  very  serious  disease.  In  fact  disease 
acquired  within  the  first  year  of  life  is  usually 
fatal.  There  is  little  waliing  off  of  the  cheesy 
nodules,  the  blood  stream  is  soon  invaded,  and 
generalization  of  the  process,  often  with  tuber- 
culous meningitis,  is  prone  to  occur. 

If  the  infection  takes  place  somewhat  later, 
in  the  second  or  third  year,  and  is  the  result  of 
the  lodgement  of  but  few  bacilli,  it  may  be  well 
controlled  and  through  its  immunizing  action 
confer  some  protection  against  a  future  larger 
dose.  On  the  other  hand  the  infecting  dose  may 
be  too  large  for  prompt  suppression,  and  some 
extension  of  the  process  may  take  place  until 
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the  rallying  defensive  forces  are  able  to  hold 
it  in  check.  The  lesion  so  produced  is  larger 
than  the  other  one,  is  more  difficult  to  encapsu- 
late, and  therefore  constitutes  a  greater  source 
of  danger  of  a  later  flare-up. 

2.  MASSIVE  INFECTION 
This  brings  us  to  the  second  factor  favoring 
the  development  of  tuberculous  disease.  The 
first  infection  may  be  too  large  for  the  body 
to  handle  successfully.  Illustrations  of  this 
principle  can  readily  be  taken  from  the  condi- 
tions of  savage  life  or  primitive  peoples.  It  is 
well  known  that  tuberculosis  once  introduced 
among  such  peoples  pursues  a  very  rapid 
course.  This  rapidity  is  the  result  of  several 
factors,  lack  of  inherited  racial  resistance  being 
one;  another  is  certainly  the  size  of  the  dose 
the  savage  is  likely  to  receive.  His  living  con- 
ditions and  manner  of  eating  are  likely  to  be 
extremely  favorable  to  the  transmission  of  a 
large  infecting  dose.  If  one  has  seen  a  group 
of  Polynesians  seated  around  the  poi  bowl  he 
can  appreciate  this.  The  whole  family  and 
friends  present  dip  their  fingers  in  the  pasty 
mass,  suck  off  what  adheres,  and  return  their 
fingers  to  the  common  bowl  for  more.  The 
floor  on  which  they  sleep  is  generally  kept  at 
about  the  same  hygienic  level.  It  is  no  wonder 
that  tuberculosis  spread  through  the  Polynes- 
ians, the  American  Indians  and  other  primi- 
tive people  with  such  rapidity.  Unfit  to  with- 
stand its  ravages  in  the  first  place  through  lack 
of  that  complex  factor  of  racial  immunization, 
they  still  further  favored  its  spread  by  their  un- 
sanitary mode  of  living. 
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But  unsanitary  habits  are  by  no  means  con- 
fined to  primitive  peoples.  There  are  enough  of 
them  among  us  who  are  pleased  to  call  our- 
selves civilized.  The  large  dose  of  tubercle 
oacilli  is  a  very  definite  possibility  in  the  home 
of  the  coughing,  careless  consumptive,  on  the 
street  car  occupied  by  the  indifferent,  spitting 
consumptive,  or  in  the  milk  cans  from  dairies 
where  cattle  are  badly  diseased.  Infection  ac- 
quired from  such  large  doses  is  likely  to  be 
tuberculosis  and  not  mere  tubercle,  and  the 
more  extensive  lesion  is  likely  to  be  a  much 
more  difficult  one  to  furnish  with  an  efficient, 
non-yielding  fibrous   capsule. 

3.    INFECTION  WHEN  THE  VITALITY  IS  LOW 

The  third  factor  is  infection  at  a  bad  time,  re- 
gardless of  the  age.  By  "a  bad  time"  is  meant 
a  period  when  the  body's  resistance  to  infection 
is  depressed.  It  is  well  known  that  there  are 
such  times.  Probably  no  time  has  a  worse  rep- 
utation in  this  respect  than  that  immediately 
following  measles  in  childhood.  Not  a  few 
cases  of  tuberculosis  have  their  origin  at  this 
period.  Some  of  these  represent  fresh  infec- 
tions from  without,  taking  hold  on  a  fertile 
soil;  others  are  the  flare-up  of  old  infections, 
held  in  check  and  encapsulated  to  some  extent 
when  the  body's  resistance  was  high,  but  al- 
lowed a  far  freer  vein  in  the  condition  of  re- 
duced vitality. 

Measles  is  not  the  only  childhood  disease 
causing  this  reduced  resistance.  Scarlet  fever 
does  it,  as  well  as  pneumonia  and  other  acute 
infections.     It  is  indeed  well  known  that  tu- 
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berculosis  is  likely  to  take  hold  at  these  times, 
and  in  this  knowledge  we  are  forearmed  in  our 
effort  to  prevent  the  disease. 

4.    THE  FLARE-UP  OF  INFECTION  UNDER 
STRAIN 

The  fourth  consideration  is  similar,  but  less 
well  defined.  Many  strains  besides  infectious 
diseases,  many  drains  to  the  strength,  reduce 
our  resistance  to  tuberculosis.  It  is  a  common- 
place that  overwork  has  this  effect.  Just  how 
overwork  paves  the  way  is  not  so  certain;  there 
are  several  theories  which  we  need  not  discuss 
here.  This  factor  usually  is  of  more  signifi- 
cance in  later  life  than  in  childhood  and  plays 
its  role  not  by  preparing  the  soil  for  a  rapidly 
progressive  first  infection,  but  by  removing 
the  checks  on  a  latent  but  not  thoroughly  en- 
capsulated or  healed  earlier  infection. 

Malnutrition  and  the  worry,  anxiety,  over- 
work and  general  distress  that  go  with  famine 
conditions  are  tremendously  potent  agencies  in 
this  respect.  No  better  demonstration  of  the 
truth  of  this  statement  could  be  given  than  the 
enormous  incidence  and  high  mortality  of  tu- 
berculosis shortly  before  and  for  some  time 
after  the  close  of  the  Great  War  in  Europe,  in 
such  cities  as  Belgrade,  Warsaw  and  Vienna. 
Tuberculosis  death  rates  several  times  the  nor- 
mal were  reached. 

Numerous  other  conditions  of  stress  out  of 
the  daily  ordinary  might  be  cited.  It  is  well 
known  that  pregnancy  and  nursing  may  be  fol- 
lowed by  the  development  of  severe  tubercu- 
losis.   In   some   way,   while   resistance   is  well 
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maintained  while  the  child  is  being  carried,  it 
wanes  rapidly  in  the  period  after  birth.  If  a 
woman  has  a  lesion  or  lesions,  not  leading  to 
actual  symptoms,  yet  inadequately  encapsulated, 
that  is,  on  the  verge  of  developing  into  active 
tuberculosis  anyway,  she  is  very  likely,  follow- 
ing the  delivery  of  her  baby,  to  break  down  with 
active  disease. 

In  the  succeeding  chapters  some  of  the  means 
of  preventing  the  disease,  based  upon  the  fac- 
tors -outlined  in  this  chapter,  will  be  considered. 
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VII.    THE  PREVENTION  OF  TUBERCULOSIS  IN 
CHILDREN 

It  was  brought  out  in  the  preceding  pages 
that  under  present  social  conditions  infection 
with  the  tubercle  bacillus  is  very  common  and 
occurs  early  in  life.  In  cities  where  social 
contact  is  extensive  and  close  a  majority  of 
children  are  infected  before  they  are  16  years 
old.  Only  a  fraction  of  these  however  actu- 
ally become  ill  with  the  disease  tuberculosis. 
The  factors  responsible  for  the  development 
of  disease  from  simple  infection  have  been 
outlined.  It  was  pointed  out  that  a  very  early 
infection,  particularly  within  the  first  year  of 
life,  usually  means  death  for  the  infant.  A 
large  first  infecting  dose  is  also  extremely 
serious,  meaning  early  fatality,  or  at  least  an 
extensive  lesion  difficult  to  encapsulate  and 
heal,  and  prone  under  various  stresses  in  later 
life  to  break  down  and  develop  into  active 
disease.  Finally,  as  was  shown,  there  may  be 
periods,  such  as  the  time  of  convalescence 
from  acute  infectious  diseases  like  measles, 
when  the  vitality  is  low  and  tuberculosis  is 
likely  to  take  hold. 

1.    PREVENTION  OF  EARLY  INFECTION 

The  first  problem  in  the  prevention  of  tu- 
berculosis is  the  protection  of  the  infant.  A 
small  dose  of  bacilli  is  sufficient  to  infect  the 
very  young   child   not   yet   able   to    withstand 
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even  those  minute  infections  which  in  later 
years  operate  to  produce  a  certain  degree  of 
immunity.  This  means  that  children  in  the 
first  year  of  life  must  be  rigidly  isolated  from 
all  known  cases  of  open,  active  tuberculosis. 
The  tuberculous  mother  cannot  nurse  her 
baby  without  the  gravest  danger  of  infecting 
and  probably  killing  it.  The  tuberculous 
father  who  coughs  where  the  infant  can  in- 
hale the  moist  spray  containing  tubercle  bacil- 
li could  hardly  do  worse  if  he  injected  tubercle 
bacilli  into  his  child  with  a  hypodermic  syringe. 
There  should  be  no  promiscuous  fondling  of 
infants  by  relatives  and  friends.  Some  of  them 
might  have  what  appeared  to  be  a  mere  cold, 
but  in  truth  was  developing  tuberculosis.  The 
objects  with  which  the  infant  plays  and  the 
floor  on  which  he  creeps  should  be  clean,  not 
subject  to  any  contamination  which  by  any 
possibility  might  contain  the  tubercle  bacillus. 

A  program  of  this  character  calls  simply  for 
education.  Those  taking  care  of  the  infant 
must  realize  the  great  susceptibility  of  these 
tender  years  to  tuberculosis.  They  must  watch 
carefully  all  of  the  infant's  contacts,  with  this 
thought  in  mind.  And  men  and  women  with 
open  tuberculosis  must  be  educated  to  know 
the  danger  which  intimate  contact  with  them- 
selves spells  for  very  young  children.  If  cir- 
cumstances are  such  that  some  contact  is  un- 
avoidable, as  might  occasionally  be  the  case 
within  a  family  with  one  tuberculous  member, 
that  person  should  be  impressed  by  his  re- 
sponsibility and  take  all  possible  precautions 
to  prevent  material  from  his  throat  reaching 
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that  of  the  child.  A  special  cup  for  sputum 
and  paper  napkins  for  the  cough,  both  to  be 
burned  after  use,  and  separate  table  utensils, 
are  the  least  that  can  be  demanded  of  him. 

2.    PREVENTION  OF  MASSIVE  INFECTION 

All  that  was  said  in  the  preceding  para- 
graphs about  early  infection  applies  to  the 
subject  of  massive  infection.  The  closer  the 
contact  with  a  tuberculous  individual,  the 
larger  the  size  of  infecting  doses  of  tubercle 
bacilli  which  may  be  acquired.  A  child  who 
sleeps  in  the  same  room  with  a  consumptive 
will  probably  take  in  a  larger  number  of  tu- 
bercle bacilli  than  one  who  lives  on  the  floor 
below.  The  child  who  plays  in  a  well  kept 
yard,  frequented  by  few  people  may  possibly 
breathe  in  a  few  tubercle  bacilli  wafted  along 
in  the  air  in  the  form  of  fine  dust,  but  there 
is  a  much  greater  chance  for  this  to  occur  in 
the  case  of  a  child  who  plays  marbles  or  rolls 
a  hoop  in  a  crowded,  dusty  street  frequented  by 
many  people. 

The  anti-tuberculosis  movement  calls  for 
clean  playgrounds  for  children.  Admittedly  in 
our  cities  today  this  is  not  an  easy  problem. 
The  congestion  is  such  that  there  are  no  yards 
in  some  communities.  Children  play  in  the 
house  or  on  the  street.  There  is  no  other 
choice,  except  through  outside  aid.  It  is  a  civic 
problem  of  no  mean  size,  but  has  been  attacked 
with  splendid  vigor  by  most  of  our  cities.  Well 
kept  children's  playgrounds  and  small  parks 
are  now  numerous  in  most  of  our  cities.  It  is 
certainly  not  too  much  to  say  that  they  have 
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been  a  very  real  force  among  those  several 
agencies  which  in  recent  years  have  together 
effected  a  notable  drop  in  our  tuberculosis 
death  rate. 

The  prevention  of  milk  infection,  either  early 
in  the  infant's  life  or  massive  at  any  time, 
will  be  discussed  in  a  separate  section  below. 

3.    THE  PROTECTION  OF  THE  CHILD  WHEN 
VITALITY  IS  LOW 

It  has  been  noted  time  and  again  that  after 
the  acute  stage  of  certain  contagious  diseases 
is  over,  children  may  make  a  most  protracted 
convalescence.  The  fever  subsides  slowly,  and 
the  cough  persists  in  a  most  annoying  fashion. 
Strength  comes  back  slowly.  This  situation  is 
all  too  frequent  following  measles,  but* is  by  no 
means  confined  to  this  condition.  A  certain  pro- 
portion of  these  cases  owe  their  protracted  con- 
valescence to  tuberculosis,  and  commonly 
enough  the  symptoms  of  this  disease  become 
unmistakable  some  months  after  the  measles, 
scarlet  fever  or  pneumonia,  as  the  case  might 
be,  is  over.  It  was  this  common  unfortunate 
sequel  to  the  acute  respiratory  infections  which 
led  many  of  the  best  medical  men  of  the  19th 
century  to  insist  that  tuberculosis  was  not 
necessarily  a  specific  disease,  but  merely  a  type 
of  degeneration  into  which  a  number  of  dis- 
eases might  pass. 

We  know  now  that  they  were  mistaken.  The 
children  who  come  down  with  tuberculosis  fol- 
lowing measles  and  other  acute  infections, 
either  acquire  fresh  infection  which  makes 
rapid  headway  in  the  body  made  less  resistant 
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by  the  debilitating  disease,  or,  more  commonly, 
are  suffering  from  the  marked  spread  of  an 
old  lesion  which  had  been  kept  well  in  check 
when  the  defensive  forces  were  strong.  The 
remedy  lies  in  close  supervision  of  the  child 
at  this  critical  time.  He  must  be  kept  from 
possible  contact  with  infective  material  from 
without,  and  his  strength  must  be  conserved  so 
that  he  can  withstand  the  ravages  from  within. 
This  means  that  he  must  be  well  nourished  and 
guarded  against  overactivity  until  all  danger 
is  past. 

The  period  of  convalescence  from  fevers  is 
of  course  not  the  only  time  when  the  child's 
vitality  and  resistance  to  tuberculosis  may  be 
low.  Overwork  and  underfeeding,  too  little  sun- 
shine and  too  little  play,  in  short  all  sorts  of 
bad  hygiene,  undermine  his  resistance  to  tu- 
berculosis. Correcting  the  poor  hygiene  indi- 
rectly acts  to  prevent  the  development  of  this 
disease. 

4.    THE  MILK  PROBLEM 

Our  country  has  made  such  effective  strides 
in  reducing  bovine  infection  in  children  that 
the  way  seems  clear  to  stamp  out  this  type  of 
infection  at  no  distant  date  entirely.  The  goal 
is  in  plain  sight  and  unmistakable,  no  live 
tubercle  bacilli  in  milk.  This  does  not  neces- 
sarily mean  no  tuberculous  cattle  left  alive. 
In  cattle  as  in  man  there  appears  to  be  a 
difference  between  simple  infection,  which  is 
stationary,  and  progressive  disease.  Truly  dis- 
eased cattle,  which  the  veterinarian  must  rec- 
ognize,  should   not  be   used   to   furnish   milk. 
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Under  any  circumstances  the  collection  should 
be  carried  out  with  the  utmost  cleanliness,  and 
wherever  there  is  the  slightest  suspicion,  if  not 
routinely,  the  milk  should  be  pasteurized.  Pos- 
sibly some  undesired  chemical  changes  may 
occur  as  a  result  of  this  procedure,  but  the 
doctor  can  compensate  for  these  by  very  sim 
pie,  well  known  additions  to  the  diet,  suitable 
for  the  youngest  child. 
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VHI.    PREVENTION  OF  TUBERCULOSIS  IN 
ADULTS 


The  prevention  of  tuberculosis  in  adults  be- 
gins with  its  prevention  in  the  child.  The  child 
who  is  infected  very  early  in  life  or  receives  a 
massive  infection  before  he  has  improved  his 
protective  forces  against  the  invasion,  even 
though  he  may  effect  an  apparent  healing,  or 
not  show  very  definite  signs  of  the  disease  at 
the  time,  is  from  that  time  on  a  potential  con- 
sumptive. The  early  lesion  and  the  one  follow- 
ing an  unusually  large  infecting  dose  make 
more  headway  before  arrest  than  those  follow- 
ing minute  infections  acquired  after  the  age  of 
three  or  four  years.  Such  lesions  are  corre- 
spondingly difficult  to  encapsulate  and  there- 
fore proportionately  prone  to  break  down  un- 
der the  strains  of  later  life. 

1.    TUBERCULOSIS  OF  ADULT  LIFE  USUALLY 
A  FLARE-UP  OF  CHILDHOOD  INFECTION 

There  is  indeed  much  evidence  that  most  of 
the  tuberculosis  of  adult  years  is  in  reality  a 
flare-up  of  an  old  childhood  infection.  This 
does  not  mean  that  a  sufficiently  large  dose 
of  bacilli  from  without  may  not  infect  an  adult 
in  spite  of  the  more  or  less  efficient  immunity 
he  has  developed  on  the  basis  of  repeated  slight 
infection  in  his  adolescent  years.   Nevertheless 
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this  does  not  appear  to  happen  very  often. 
Doctors  and  nurses  and  others  engaged  in  the 
care  of  consumptives,  in  spite  of  this  close 
contact,  and  presumable  exposure  to  large 
doses,  do  not  acquire  the  disease  any  more 
frequently  than  others  not  in  frequent  con- 
tact with  the  disease,  but  engaged  in  a  life 
of  similar  strain.  By  and  large  it  seems  to 
be  true  that  adults  who  have  passed  through 
a  childhood  period  exposed  to  the  infections 
which  are  the  lot  of  most  dwellers  in  congested 
communities,  can  be  exposed  in  later  life  to 
repeated  and  large  infections  with  almost  per- 
fect impunity. 

What  then  is  the  reason  for  the  well  known 
fact  that  tuberculosis  reaps  its  greatest  harvest 
in  adult  life?  Statistics  do  indeed  show  that 
the  curve  of  the  death  rate  from  tuberculosis 
begins  to  rise  rather  abruptly  a  little  before 
twenty,  reaches  a  high  level  before  thirty,  runs 
at  about  that  same  level  until  the  sixties,  and 
then  drops  again  rather  rapidly.  More  than  a 
third  of  the  total  deaths  from  tuberculosis  oc- 
cur between  twenty  and  thirty-five.  Examina- 
tion of  the  bodies  of  these  consumptives  shows 
that  most  of  them  have  old,  imperfectly  encap- 
sulated tubercles.  Frequently  too  a  direct  rela- 
tionship between  the  old,  unhealed  infections 
and  the  new,  developed  disease  can  be  traced. 
This  is  not  always  possible,  but  usually  the 
relationship  between  the  old  and  new  process 
is  at  least  sufficiently  close  to  suggest  the 
likelihood  of  a  flare-up  of  the  one  into  the  other 
quite  strongly.  What  are  the  reasons  for  this 
flare-up  ? 
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2.    CAUSES  OF  THE  FLARE-UP  OF  OLD 
INFECTIONS 

There  is  no  one  invariable  cause.  There  is 
seldom  one  cause  in  a  given  case.  The  adult 
"breakdown"  ending  in  tuberculosis  is  almost 
always  the  result  of  the  interplay  of  a  num- 
ber of  factors.  Among  these  are  the  native  or 
racial  resistance  of  the  patient,  itself  a  com- 
plex of  many  factors,  the  time,  place  and  size 
of  his  first  tubercle  infection,  his  good  or  bad 
fortune  with  colds  and  other  acute  infections, 
his  diet,  his  working  hours,  and  the  unexpected 
stresses  and  strains  which  occur  in  all  lives 
in  greater  or  less  number. 

Native  characteristics  have  much  to  do  with 
the  prevention  of  later  tuberculosis.  There  is 
an  apparent  difference  in  races  and  people  in 
this  respect.  The  black  and  brown  races  seem 
to  put  up  a  less  efficient  tissue  battle  against 
the  invasion  of  the  tubercle  bacillus  than  the 
white  race.  The  white  man  who  has  lived 
longer  in  cities,  whose  ancestors  have  come 
through  a  process  of  survival  of  the  fittest  in 
their  fight  with  tuberculosis,  as  a  general  rule 
walls  off  his  tubercles  in  better  fashion  than 
the  black  man.  But  it  is  not  altogether  a  mat- 
ter of  cells  and  fluids  within  the  body  operating 
to  destroy  or  check  the  tubercle  bacillus.  There 
is  such  a  thing  as  racial  carelessness  also,  a 
mental  factor,  which  is  just  as  potent  as  per- 
sonal carelessness.  Herein  perhaps  lies  some 
part  of  the  explanation  of  the  supposed  greater 
resistance  of  the  notoriously  cautious  and  care- 
ful Jew  on  the  one  hand  as  compared  with  the 
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happy-go-lucky,  carefree  Southern  darky  at  the 
other  extreme.  It  may  not  add  to  one's  happi- 
ness to  be  on  a  constant  watch  against  germs; 
nevertheless  it  may  prevent  disease  or  catch 
it  before  it  is  too  late  to  do  something  about 
it. 

3.  PERSONAL  CAUTION  AND  THE  AVOIDANCE 

OF  STRAIN 

In  education  with  respect  to  personal  and 
public  hygiene  and  habits  lies  the  chief  means 
for  the  prevention  of  adult  tuberculosis.  In  no 
field  is  it  truer  that  forewarned  is  forearmed. 
He  who  knows  that  repeated  excessive  fatigue 
may  lead  to  something  more  than  repeated 
transient  inconvenience,  even  to  life-long  in- 
validism, and  a  short  life  at  that,  through  the 
development  of  tuberculosis,  will  be  less  prone 
to  drive  his  body  to  the  same  degree.  He  who 
knows  that  the  period  of  recovery  from  a  se- 
vere illness  of  any  sort  is  a  danger  time  as 
regards  tuberculosis,  is  more  likely  to  exercise 
caution  in  getting  back  to  work  than  one  who 
knows  nothing  of  tubercle  infection  and  its  lia- 
bility to  flare  up  into  active  disease  as  a  result 
of  strain.  She  who  knows  that  the  period  fol- 
lowing the  birth  of  her  child  is  a  period  of 
lowered  resistance  to  tuberculosis,  when  a 
half-healed  infection  may  spread,  will  be  more 
careful  not  to  overdo  than  one  quite  unin- 
formed. 

4.  SOCIAL   ORGANIZATION   AS   A  CONTROL- 

LING FACTOR 

The  control  of  adult  tuberculosis,  however,  is 
a  matter  o*f  too  great  dimensions  to  be  left  to 
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the  exercise  of  individual  care.  In  the  social- 
ized civilization  of  today,  where  industry  holds 
a  large  proportion  of  the  population  in  a  relent- 
less grip,  the  individual  may  be  left  with  little 
choice  as  respects  his  economic  condition  and, 
therefore,  ability  to  take  those  measures  essen- 
tial to  the  prevention  of  tuberculosis  in  times 
of  strain.  It  is  here  that  social  organization, 
either  through  law  or  private  industrial  agree- 
ment, operates  against  overwork  and  under- 
nourishment and  bad  hygiene  in  general.  The 
efficiency  of  present  day  systems  becomes  ap- 
parent by  contrast,  when  such  an  acute  break- 
down of  social  organization  occurs  as  took  place 
in  Central  Europe  and  Russia  in  1918.  In 
many  communities  for  some  years  following  the 
war,  tuberculosis  mortality  went  back  to  the 
rates  prevalent  in  the  days  when  social  organi- 
zation took  a  less  kindly  trend,  when  the  twelve 
hour  working  day  was  the  working  man's  own 
lookout,  and  his  famine  and  his  malnutrition 
his  own  private  problem.  The  forces,  public  or 
private,  which  prevent  overwork  by  law  or  by 
persuasion,  which  prevent  malnutrition  and 
pestilence  by  any  means  at  their  command, 
which  educate  the  public  to  an  appreciation  of 
the  dangers  inherent  in  bad  hygienic  condi- 
tions, operate  on  a  large  scale  to  prevent  the 
development  of  tuberculosis  from  hidden,  long 
harmless  lesions. 

5.     THE   ARREST   OF   INCIPIENT   TUBER. 
CULOSIS 

Finally  the  effort  at  prevention  of  adult  tu- 
berculosis does  not  cease  when,  in  spite  of  this 
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effort,  disease  does  develop.  The  problem  is 
merely  changed  from  the  prevention  of  tuber- 
culosis to  the  prevention  of  bad  tuberculosis. 
The  earlier  the  true  condition  is  appreciated 
the  better  the  chance  of  arresting  the  process 
before  it  progresses  too  far.  Men  and  women 
should  understand  that  insidiously  developing 
or  protracted  cough,  daily  afternoon  or  evening 
fever,  loss  of  weight,  slight  spitting  of  blood, 
sweating  at  night,  and,  perhaps  above  all,  un- 
warranted fatigue,  may  mean  the  disease  is 
well  under  way.  Then  if  ever  the  advice  of  a 
competent  person  is  needed.  If  the  signs  do 
indeed  mean  tuberculosis  an  intelligent  phy- 
sician should  be  able  to  detect  it.  At  his  com- 
mand then  are  the  time-tried  weapons  against 
tuberculosis,  effective  if  slow:  rest,  good  food, 
fresh  air,  and  sunshine.  The  sooner  these 
measures  are  instituted  the  better  the  chances 
for  an  early  arrest  of  the  disease,  and  the 
worse  for  a  subsequent  breakdown.  But  it  is 
never  too  late  to  try.  More  important,  however, 
is  the  fact  that  it  is  never  too  early  to  begin. 
For  the  same  measures  that  aid  in  the  cure  of 
tuberculosis,  rest,  good  food  and  enough  of  it, 
sushine  and  fresh  air,  work  even  better  for  its 
prevention. 
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IX.     THE  ANTI-TUBERCULOSIS  MOVEMENT 

There  is  nothing  essentially  new  about  the 
anti-tuberculosis  movement,  of  which  so  much 
is  heard  nowadays.  Doubtless  the  first  Greeks 
and  Romans  who  recognized  any  form  of  tuber- 
culosis as  one  disease  were  against  it,  and  did 
the  best  they  could  to  prevent  it.  However,  real 
knowledge  of  the  nature  of  tuberculosis  is  a 
modern  thing,  and  the  effort  at  prevention  of 
tuberculosis  took  on  a  new  lease  of  life  with 
the  acquisition  of  this  knowledge.  It  was  only 
when  the  disease  was  shown  to  be  an  infectious 
one  that  hope  beat  high  for  its  abolition.  A 
realization  of  the  extent  of  tubercle  infection 
was  the  first  damper  to  this  hope.  But  the  set- 
back was  only  temporary.  Only  the  direction  of 
the  effort  was  changed,  not  the  effort  itself. 
If  infection  could  not  at  present  be  prevented, 
perhaps  its  worst  effect  could.  So  the  move- 
ment has  continued,  largely  along  the  lines  in- 
dicated in  this  book,  with  the  utmost  vigor. 

1.    THE  EFFECTIVENESS  OF  THE  ANTI- 
TUBERCULOSIS CRUSADE 

It  is  only  fair  to  state  that  the  effectiveness 
of  the  movement  has  been  seriously  questioned 
more  than  once.  Statisticians  can  prove  that 
the  notable  drop  in  the  tuberculosis  death  rate, 
which  has  occurred  in  recent  years,  and  which 
is  pointed  to  with  pride  by  anti-tuberculosis 
agencies,  was  well  under  way  before  the  anti- 
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tuberculosis  agencies  were  in  exfstence.  The 
argument  is  that  economic  and  biologic  forces 
are  at  work  beside  which  the  anti-tuberculosis 
societies  are  puny.  Be  that  as  it  may  the  very 
figures  they  use  only  prove  that  if  the  anti- 
tuberculosis movement  is  accomplishing  little 
some  anti-tuberculosis  movement  is  accom- 
plishing a  great  deal.  It  is  the  unquestioned 
fact  that  the  death  rate  from  tuberculosis  is 
falling  and  the  seriousness  of  the  tuberculosis 
problem  is   decreasing. 

2.    THE  LARGER  ANTI-TUBERCULOSIS 
MOVEMENT 

Whether  the  agencies  specially  constituted  to 
fight  tuberculosis  have  accomplished  this  drop 
or  merely  been  carried  along  on  the  tide  is  aside 
from  the  mark.  The  anti-tuberculosis  societies 
may  indeed  be  in  the  position  of  the  man  who 
was  in  favor  of  the  law  of  gravitation.  Anti- 
tuberculosis agencies  may  possibly  be  merely 
expressing  approval  of  economic  betterment 
and  the  results  of  a  process  of  survival  of  the 
fittest.  Economic  betterment  has  occurred,  and 
apparently  the  white  race  has  passed  through 
years  of  struggle  with  tuberculosis  in  which 
the  unfit  dropped  by  the  wayside  and  the  more 
fit  and  the  less  susceptible  have  been  left  to 
carry  on  the  race.  Admittedly  this  larger,  un- 
conscious, undirected  anti-tuberculosis  move- 
ment has  probably  accomplished  more  for  the 
control  of  the  disease  than  efforts  directed 
specifically  at  the  control  of  infection.  The 
truth  of  the  matter  is  that  the  specifically  di- 
rected   movement    is    a    working    part    of    the 
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larger  movement.  It  will  be  shown  in  a  mo- 
ment that  it  has  accomplished  much  and  can 
continue  to  accomplish  a  great  deal  more. 

3.     THE  DECLINE  IN  TUBERCULOSIS 
MORTALITY 

It  is  well  to  know  the  figures  on  the  dramatic 
decline  of  tuberculosis.  Tuberculosis  has  killed 
more  human  beings  than  any  other  one  cause. 
Probably  one  seventh,  certainly  more  than  one 
tenth,  of  all  the  men  and  women  that  ever 
lived  have  died  of  tuberculosis.  It  has  truly 
been,  as  John  Bunyan  called  it,  Captain  of  the 
Hosts  of  Death.  Right  down  through  the  cen- 
turies until  the  twentieth  it  has  topped  the  list 
of  causes  of  death.  The  present  century,  how- 
ever, ushered  in  an  extraordinary  change.  In 
1890  in  the  United  States,  250  in  every  100.000 
died  of  tuberculosis,  one  seventh  of  all  deaths. 
Ten  years  later  at  the  opening  of  the  century, 
200  in  100,000  died.  Tuberculosis  was  still  the 
commonest  cause  of  mortality,  but  it  was  in 
danger  of  losing  its  primacy.  In  1920  the  ratio 
reached  the  low  figure  of  100  in  every  100,000, 
well  under  one  tenth  of  all  deaths,  and  tuber- 
culosis had  for  some  time  ceased  to  be  the 
greatest  destroyer.  It  had  dropped  below  pneu- 
monia and  diseases  of  the  heart  and  blood 
vessels.  Cancer  was  pressing  it  for  third  place. 
And  in  the  years  following  1920  the  rate  of  fall 
of  the  rate  of  death,  with  isolated  exceptions 
in  some  communities,  has  not  abated. 
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4.     CAUSES  FOR  THE  DECLINE  IN  TUBER- 
CULOSIS MORTALITY 

In  our  understanding  of  the  causes  for  this 
decline  in  tuberculosis  mortality  and  our  abil- 
ity to  make  them  continue,  rests  our  hope  for 
a  final  conquest  of  the  disease.  First  and  fore- 
most probably  comes  the  improved  economic 
condition  of  our  people.  The  increased  wage 
scale  and  the  shorter  hours  of  hard  labor,  have 
meant  less  overwork  and  far  less  malnutrition 
or  underfeeding,  the  potent  causes  as  shown 
above,  for  the  adult  breakdown  with  the  de- 
velopment of  old  infection  into  active  disease. 

Second  might  well  be  mentioned  improved 
sanitation.  Cleaner  streets,  better  sewage  dis- 
posal, pastuerized  milk,  vacuum  cleaners  in- 
stead of  carpet  beaters — there  is  no  end  to  the 
list.  A  host  of  factors  of  this  character  have 
operated  to  reduce  the  gross  amount  of  ma- 
terial  capable  of  infecting  children. 

Education  and  the  increase  in  knowledge  con- 
cerning tuberculosis  have  lessened  the  oppor- 
tunity for  too  early  infection,  too  massive  in- 
fection and  infection  at  a  bad  time,  again  and 
again.  The  great  susceptibility  of  the  infant 
is  now  fairly  well  known.  With  more  families 
but  smaller  families  each  child  receives  more 
thought,  and  thought  means  more  protection. 
A  very  large  number  of  consumptives  are 
thoroughly  aware  of  the  menace  within  them- 
selves and  take  precautions  to  prevent  the  in- 
fection of  others.  Many  others  have  been  iso- 
lated where  they  cannot  infect  others.  Who 
shall  say  that  our  medical  profession  and  our 
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anti-tuberculosis  societies  in  carrying  on  this 
great  educational  campaign,  in  spreading  in- 
formation on  the  subject  of  tuberculosis,  have 
not  played  a  tremendous  role  in  the  prevention 
of  early  and  massive  infection  and  all  too  prob- 
able subsequent  .tuberculous  disease? 

Whether  or  not  the  present  active  endeavor 
carried  on  in  research  laboratories  all  over  the 
world  will  ever  result  in  the  discovery  of  an 
effective  specific  remedy  which  will  cure  tuber- 
culosis with  regularity  and  certainty  cannot  be 
foreseen.  In  the  meantime,  however,  in  the 
knowledge  already  at  hand  on  the  nature  of 
tuberculosis,  the  manner  of  infection  and  the 
causes  of  spread,  we  have  a  working  basis  to 
insure  that  the  death  rate  which  has  shown 
such  a  notable  drop  in  recent  years,  will  con- 
tinue to  fall. 


